Many studies have been conducted regarding the characterization of newer varieties of castor. Perdomo et al. 8 reported 7 Mexican varieties, while Algharib and Kotb 13 tested 4 Egyptian varieties of castor seeds. Another study carried out by Lavanya 14 from India has shown 15 castor genotypes in which fatty acid composition, oil content and their use in biodiesel production discussed. From Brazil 36 castor bean varieties were surveyed for oil and fatty acid composition for the analysis of variability 15 . However, to our knowledge, no any literature is available regarding the characterization of Pakistani castor bean varieties. Since 1979, castor seed cultivation is on continuous decline in the country 16 . Province of Sindh has a fertile land and large area vacant for cultivation of such energy crop. The present work introduces a newer variety with high oil yield and good quality oil, which could be helpful for initiating castor cultivation and could be the successful candidate among other inedible oil yielding plants for further use in industrial, medicinal and renewable purpose.
MATERIALS AND METHODS

Reagents and sample collection
All the chemicals and reagents used in the present work were purchased from E-Merck Darmstadt, Germany . Castor seeds were collected from Dadu with geographical location elevation 24 m, latitude 26.73 N, longitude 67.78 E . The region has low humidity throughout the growing season, which is good sign of maximum oil yield by this crop 3 . The type of soil where the seeds harvested was nonsaline, non-sodic. The height of castor plant was 2-3 meters with ramified branch distribution. Castor seeds were packed in clean sampling bags and dried at room temperature. Seed shells were removed and after obtaining clean seeds, they were stored at normal temperature in the dark.
Physical Characteristics of seeds
Seed characteristics such as color, length, width, height, individual seeds weight and 100-seed weight were determined and represented in Table 1 .
Moisture and Ash content of seeds
Determination of moisture content of seeds is very important while dealing with harvesting and storage procedures 17 . Moisture and ash content of castor seeds were calculated according to AOCS methods, Aa 3-38 and Ba 5a-49, respectively 18 .
Oil Extraction
Crude castor oil was extracted from seeds by Soxhlet extraction method. Clean seeds were crushed and 50 g of sample was carefully placed inside the Soxhlet extractor. About 400 mL n-hexane was added to round bottom flask of 1 L. The temperature of extraction process was set at 60 and process continued for about 6 hours. Hexane was removed by using rotary evaporator BUCHI R-210, Switzerland and oil content was measured by using electronic balance 19 .
Physicochemical Analysis
Castor oil sample was further examined for its physical and chemical parameters. Moisture content of extracted oil was checked in order to determine the shelf life and purity of oil method number: Ca 2C-25 . Viscosity of oil was measured by viscometer VM 3000 stabinger Anton Park, Austria at 40 using 5 ml of sample. Refractive index and specific gravity of castor oil sample was also determined 6 .
For the quality assessment of castor oil, the free fatty acid FFA Ca 5a-40 , iodine value IV Cd 1-25 , peroxide value PV Cd 8-53 and saponification value SV Cd 3-25 were measured according to official methods of AOCS 18 .
Fatty acid composition
Fatty acid composition of castor oil was determined using GCMS Agilent 5975 GC with chemstation 6890 scale mode software. Fatty acid methyl esters were prepared according to IUPAC method No: 2.301 20 . A HP-5MS 5 phenyl methylsiloxane capillary column 30 m 0.25 mm was used to separate the esters. Sample was injected through Agilent auto sampler 7683-B injector Agilent technologies, little fall, NY, USA . Column initial temperature was set as 150 and maintained for one minute, and then it was raised to 220 followed by the hold time of 15 min. Helium was used as carrier gas at flow rate of 1.5 ml/ min. 2 µL of sample was injected using split mode injection system. For MS, electron impact mode 70 eV was used with a scan range of 50-550 m/z. Finally, obtained chromatograms were compared with two libraries NIST & Wiley which provided sufficient information regarding fatty acids in castor oil. 
RESULTS AND DISCUSSION
Before detailed analysis of castor oil, first castor beans were undergone a physical examination. Figure 1 shows the picture of the indigenous high oil yielding castor seeds current study and DS-30 registered variety . Morphologically both varieties showed some differences in size and color. Table 1 shows various physical parameters of castor seeds. The moisture content was calculated at 4.53 , which was lower than a range reported in the literature 6.24-12.56 21 . Ash content was determined at 6.44 , which indicated that castor beans rich in minerals 22 .
The three linear dimensions of seeds namely length, width and thickness were measured as 12.24 mm, 8.31 mm and 5.67 mm, respectively. Individual seed weight and 100-seed weight were 0.38 g and 39.85 g, respectively. Both these parameters can be helpful while dealing with a theoretical estimation of seed volume. Table 2 shows the average of different quality parameters of castor oil. Highest oil content 54 was determined from new variety as compared to registered variety DS-30 51 16 . High oil content in current study is of great economical importance of the crop. Such difference in oil content is due to different levels of moisture, soil and temperature at different locations. Specific gravity, refractive index and viscosity of castor oil were calculated as 0.953 g/ cm 3 , 1.431 and 672.0 mPas.s, respectively. The high viscosity of castor oil in comparison to other edible oils is possibly due to chain length, hydroxyl group of its fatty acids and hydrogen bonding among the hydroxyl groups. Castor oil possesses long chain carbon atoms and hydroxyl group on 12 th carbon in ricinoleic acid. Moisture content of oil was within the range of ASTM specifications, it was found to be 0.32 . Quality of oil is conventionally expressed by percentage of FFA of the total oil/fat. It is calculated according to nature of oil as palmitic acid for palm oil, lauric acid for coconut and oleic acid for castor and all other oils 23 . FFA of crude castor oil was calculated as 0.14 , such a low value of FFA indicates the good quality of oil. Iodine value for indigenous castor oil was determined to be 83.61 gI 2 /100 g. Investigated results for IV of castor oil was within the range of ASTM specifications and showed the presence of double bond in each fatty acid chain of castor oil which also classifies it as non-drying oil. Higher the iodine number, more the unsaturated fatty acid linkages present in an oil/fat 24 . PV of oil is an important parameter that checks the extent of rancidity of oil during processing/ storage. High values of peroxide for oil relate its oxidation. PV for the castor oil was found at 2.25 meq/kg, which also followed the ASTM specifications. SV of oil is determined for its use in soap and cosmetic industries. High SV make it valuable raw material for above mentioned industries 25 . SV for extracted crude oil was found to be 186.0 mg KOH/g. Table 3 represents the fatty acid composition and fragmentation pattern of extracted castor oil. Analysis of fatty acid composition in castor oil through GCMS showed that most abundant fatty acid in the castor oil was ricinoleic acid, which made up 94.59 of the total fatty acids. Other fatty acids present were palmitic acid 0.31 , stearic acid 0.45 , oleic acid n-9 2.05 and isomer of oleic acid n-10 0.22 , linoleic acid 1.84 and eicosenoic acid 0.53 . Figure 2 further clarifies through GCMS chromatogram showing the all detected fatty acids at their particular retention time. Ricinoleic acid is an important constituent of castor oil which makes it unique naturally occurring polyhydroxy compound. Presence of double bond and hydroxyl group in ricinoleic acid are responsible for versatile applications of castor oil in chemical industry. Its solubility in alcohol makes it good candidate for biodiesel production. Furthermore, the fragmentation pattern for detected fatty acids and their characteristic ions shows that for saturated fatty acids like palmitic and stearic, the base peak ion was at 74 m/z ratio. For monounsaturated fatty acids like oleic and eicosenoic, the characteristic peak appeared at 55 m/z ratio. For biunsaturated fatty acids like linoleic acid, the base peak was at 67 m/z ratio. The fragmentation pattern of oleic acid and its isomer showed that the molecular ion peak was at 296 m/z, which undergone γ-hydrogen atom transfer and cleavage at m/z 264, while m/z 55 was due to α-cleavage and double bond transfer. Both the isomers of oleic acid showed the same fragmentation pattern because of only shifting of double bond 26 . The ricinoleic acid fragmentation pattern has shown the molecular ion peak at 296 m/z. During fragmentation cleavage in α to 12-OH was observed. The base peak was at 55 m/z, while removal of H2O was observed at 279 m/z. The determined percentage of ricinoleic acid in current indigenous variety 94.59 was higher than DS-30 86. 67 and Nigerian castor seed varieties 27 , while the value resembles with the Mexican variety 8 , as represented in Table 4 .
Conclusion
The castor oil is valuable because of its versatile applications in pharmaceutical, polymers and as renewable energy source. Besides oil, even the plant residue and oil cake are further used in biogas and fertilizers, respectively. Present study has carried out necessary examination of seed and oil characteristics of castor that will absolutely help other researchers to know the variations in parameters between different regions. The study has confirmed the presence of high percentage of ricinoleic acid 94.59 followed by oleic, linoleic, palmitic, stearic and eicosenoic acids. The determined quality parameters of castor oil were within the ASTM specifications. High oil content 54.0 is encouraging for its cultivation on large scale to increase the economy of the country. Castor as a crop has the excellent future in Pakistan, where large area of land lying vacant.
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